MeSO 4 (Me = Fe, Co, Ni) 
Introduction
Iron always accompanies zinc in the initial sulfide concentrates and sometimes its concentration can reach 10-12 %. Its basic dissadvantage is the possibility of ferrites formation Fe 2 O 3 with MeO (Me=Zn, Cd, Cu, etc.) [1] , which are insoluble in diluted solutions of sulfuric acid. For the sulfatization of ferrites and other insoluble compounds, containing precious metals, FeSO 4 can be used [2] [3] [4] [5] . So it is necessary to investigate its dissociation under various conditions.
Nickel is an obstructive element in zinc electrodeposition but always accompanies it in natural raw materials [6] . Its presence in the form of a sulfate or oxide increases the quantity of the nickel passing into the solution.
Nickel and cobalt accompany in measurable quantities the copper raw materials much more often [7] . In some technological schemes it is possible to obtain their sulfates which dissociate in a subsequent thermal treatment. That is why it is interesting to examine their behaviour in the presence of the most frequently used solid fuel -coke.
Cobalt, like nickel, is also an obstructive element in zinc electrodeposition, as it always accompanies zinc in natural raw materials [6, 8] . The two elements are found in the zinc calcine in the form of sulfates and oxides, which increases the quantity of the impurities passing into the solution.
The dissociation of CoSO 4 .7H 2 O and NiSO 4 .6H 2 O is important for the final phase, under which the two elements can be present in the zinc cake that goes to wealzing.
The dissociation of different metal sulfates [9] [10] [11] [12] [13] [14] has been studied mainly in an oxidizing or inert atmosphere. There are too little data, however, for their behaviour in a reducing environment, which is important from both theoretical and practical point of view.
Therefore, the present study using DTA and TGA is aimed to examine the behaviour of MeSO 4 (Me = Fe, Co, Ni) in the presence of coke in various ratios to the sulfates. The data obtained and those published earlier should be interpreted in terms of raw materials containing different sulfates.
Experimental
The sulfates studied have a purity of p.a. The coke characteristics and derivatogram are displayed in [15] . Fraction of 0.12 mm was used. The mass ratio MeSO 4 : C in the mixtures studied is 1:1, 1:3, and 1:5.
DTA and TGA (a Q Derivatograph, Hungary) were carried out under the following conditions: sensitivity of DTA, 1 mV; DTG, 1 mV; TG, 200 mg; ; sample mass 200-300 mg sulfate, coke or their mixture. All the studies were performed in the air medium. A ceramic crucible was used.
Calculations, based on the chemical composition, are made for different ratios of MeSO 4 : C in the tested samples. The degree of dissociation of MeSO 4 is calculated on the basis of the obtained TG curves.
X-ray diffraction analysis was carried out with a TUR-M62 apparatus (Dresden, Germany) using CoK a radiation and an iron target.
Results and discussion

Dissociation of FeSO 4 .
7H 2 O + coke
The derivatogram of pure 
7H 2 O
From these two derivatograms, it is obvious that up to a temperature of about 310 o C dehydration takes place following the same mechanism. After the completion of a process, the mass of the samples, under the temperature of the solid fuel combustion, remains constant. From the derivatogram of the mixture, it is obvious that after that temperature, decreasing of the sample mass is observed, which is connected with two different rates of the process. But in the pure FeSO 4 dissociation takes place with a maximum of the endothermal effect at 720 o C. Table 1 The curves of the sum of the mass change for the individual samples of NiSO 4 .6H 2 O and coke (curve 1) and their mixture (curve 2) are presented in Fig.6 . 
6H 2 O+coke (mass %)
The figure shows that the acceleration of the dissociation process with the presence of solid fuel in the sample is significant. Loss of mixture mass of about 20 % in (2) very intensively, which can be seen from the endothermal effect at 705 °C on the DTA curve and at 710 °C on the DTG curve. The data in Table 3 and Fig.9 are also indicative of the intensity of the dissociation process.
6H 2 O and coke: individually treated (1) and their mixture
From the derivatograms of 3CdSO 4 .8H 2 O and its mixture with coke it is noticeable that in the two samples up to about 450 °C the process follows the same mechanism. Two-stage dehydration takes place at temperatures of 90 -100 °C and 200 -215 °C respectively. After dehidration the sample mass remains the same up to about 450 °C.
The anhidrous CdSO 4 The CdSO 4 dissociation process begins only after 950 °C. It is evident from the derivatogram of the mixture of CdSO 4 and solid fuel that the dissociation starts after about 450 -500 °C and takes place at a significant rate. The thermal effects that follow the reaction are not clearly stated.
The curves of change in the sample masses of individual CdSO 4 and coke (curve 1) and their mixture (curve 2) are presented in Fig. 10 .
It is evident that the degree of dissociation in the presence of solid fuel is higher by about 10% compared to the degree of dissociation of pure CdSO 4 .
Because of the higher temperature of CdSO 4 decomposition compared to that of the other studied sulfates, up to about 700 °C curves 1 and 2 are almost identical. Above this temperature the effect of the burning fuel on the dissociation is significant and the loss of mass on curve 2 is considerably greater. At 1000 °C, CdSO 4 dissociation is not complete which is why curves 1 and 2 at this temperature do not coincide. This fact shows that in a reducing process with the presence of CdSO 4 , its dissociation is greatly intensified when solid fuel is present, and the reducing of CdO will be greatly intensified.
The obtained results for the dissociation of the studied MeSO 4 (Me=Zn, Cu, Pb, Cd, Fe, Co, Ni) [15, 16] in the presence of solid fuel are the grounds for making the following general conclusions: (2) 1. The dehydration of MeSO 4 that usually takes place up to a temperature of about 300 -350 °C is not influenced by the presence of solid fuel, because of the low value of the temperature (before coke combustion). The mechanism of the dehydration process in both cases remains the same.
2. Above 450 °C, when coke combustion starts [15] , the character of the dissociation process of the already obtained anhydrous sulfates changes significantly. It can be noticed in all sulfates that the dissociation process withdraws to lower temperatures, becomes more intense and that the type of curves, obtained by DTA and TGA, changes.
3. The character of the solid fuel effect on the dissociation of MeSO 4 is approximately the same for all of them, except CdSO 4 . Because of the higher temperature of dissociation of CdSO 4 , the dissociation process at 1000 °C is not complete.
4. According to the decrease in the dissociation temperature, the solid coke has the most significant effect on CuSO 4 , followed by ZnSO 4 , NiSO 4 , CoSO 4 and the slightest effect on FeSO 4 .
In CdSO 4 above 850 °C, the dissociation in the presence of solid fuel is greater by about 10% in comparison with the anhydrous CdSO 4 , and this value is maintained up to 1000 °C.
5. The probable mechanism of the processes taking place in the mixtures of MeSO 4 and solid fuel can be shown in the following reactions:
6. The intensification of the dissociation process of MeSO 4 in the presence of solid fuel in pyrometallurgical processing of sulfate-containing products in reducing environment would lead to withdrawal of the processes to a lower temperature. This leads to formation of metal oxides products, which can be reduced to the corresponding metals comparatively more easily than other compounds. At the same time, formation of metal oxides (especially when PbO and SiO 2 are present), can lead to obtaining low-temperature melting eutectics, partial melting of the material, worsening of its reduction, forming of crust on the fireproof brickwork.
Conclusions
1. It was established that in the system MeSO 4 -solid fuel the temperature of dissociation of all studied sulfates decreases (by about 100-200 o C). Based on the effect of coke on the dissociation process (rate of dissociation -u), the studied sulfates can be arranged in the following order: u CuSO4 > u ZnSO4 > u NiSO4 > u CoSO4 > u FeSO4 . The dissociation of CdSO 4 is not complete up to 1000 o C. 2. On the basis of the obtained experimental data, a probable mechanism of the processes that take place is proposed.
3. The use of fuel decreases the sulfate content in the lead and zinc cake. This is of great importance to the choice of optimal conditions for carrying out the agglomeration and wealz processes. In the agglomeration of lead raw materials the adding of a small quantity of solid fuel would lead to an increase in the portion of the processed sulfate-containing semi-finished products.
